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Objective: Detailed radiographic evaluation might enable the identiﬁcation of osteoarthritis (OA) earlier
in the disease. This study evaluated whether and which separate quantitative features on knee radio-
graphs of individuals with recent onset knee pain are associated with incidence of radiographic OA and
persistence and/or progression of clinical OA during 5-year follow-up.
Method: From the Cohort Hip & Cohort Knee study participants with knee pain at baseline were eval-
uated. Radiographic OA development was deﬁned as Kellgren & Lawrence (K&L) grade II at 5-year
follow-up. Clinical OA was deﬁned as persistent knee pain and as progression of Westen Ontario &
McMaster Universities Osteoarthritis index (WOMAC) pain and function score during follow-up. At
baseline radiographic damage was determined by quantitative measurement of separate features using
Knee Images Digital Analysis, and by K&L-grading.
Results:Measuring osteophyte area [odds ratio (OR) ¼ 7.0] and minimum joint space width (OR ¼ 0.7), in
addition to demographic and clinical characteristics, improved the prediction of radiographic OA 5 years
later [area under curve receiver operating characteristic ¼ 0.74 vs 0.64 without radiographic features].
When the predictive score (based on multivariate regression coefﬁcients) was larger than the cut-off for
optimal speciﬁcity, the chance of incident radiographic OA was 54% instead of the prior probability of
19%. Evaluating separate quantitative features performed slightly better than K&L-grading (AUC ¼ 0.70).
Radiographic characteristics hardly added to prediction of clinical OA.
Conclusion: In individuals with onset knee pain, radiographic characteristics added to the prediction of
radiographic OA development 5 years later. Quantitative radiographic evaluation in individuals with
suspected OA is worthwhile when determining treatment strategies and designing clinical trials.
 2012 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Osteoarthritis (OA) is a disabling joint disease which most
commonly affects the knee joint. Symptoms of pain and functional
limitations are assumed to be originated by structural changes like
articular cartilage damage, osteophyte formation, synovialo: F.P.J.G. Lafeber, University
munology, F02.127, PO Box
-58521; Fax: 31-30-252-3741.
afeber).
s Research Society International. Pinﬂammation, and subchondral bone changes1,2. Radiography is the
gold standard for demonstrating structural changes since image
acquisition is non-invasive, cheap, fast, and generally available1,3.
Radiographic OA is commonly graded according to Kellgren &
Lawrence (K&L)4. A drawback is that this method only provides
a qualitative (ordinal) score of a combination of structural aspects.
It is generally appreciated that it takes at least a year before
a change of one grade (scale 0eIV) becomes evident5,6. More
detailed evaluation by quantitative measurement of separate
features of joint damage might improve the association with
clinical symptoms, which is currently not consistently found7,8.
More importantly, it might enable the identiﬁcation of initial tissueublished by Elsevier Ltd. All rights reserved.
M.B. Kinds et al. / Osteoarthritis and Cartilage 20 (2012) 548e556 549damage earlier in the disease, which is of value for the development
of interventions to prevent structural damage9.
In clinical practice patients visit a physician when they suffer
from complaints that are possibly related to OA. Early in the disease
process reliable diagnosis is difﬁcult because structural damage can
not yet be detected on radiographs using methods like K&L-
grading. Also, pain often has an intermittent character and not all
individuals suspected for the disease will eventually develop
progressive OA. Higher age10, higher body mass index (BMI)11,12,
and female gender10 have been shown to be associated with the
onset and progression of OA. In addition, the detection of early
evident tissue damage by precise measurement on radiographs
might predict the radiographic and/or clinical course of disease13,14.
In the hip joint the measurement of smaller joint spacewidth (JSW)
was found to predict total hip replacement15,16, but in the knee joint
initial severity has not been found to be of evident additional value
in the prediction of radiographic17 and clinical progression18.
The objective of the present study was to evaluate whether and
which separate features of radiographic damage, measured quan-
titatively in knees with early symptoms related to OA, are associ-
ated with the incidence of radiographic OA and the persistence
and/or progression of clinical OA during 5-year follow-up.
Methods
Cohort Hip & Cohort Knee (CHECK)
Cohort Hip & Cohort Knee (CHECK) is a Dutch prospective multi-
centre 10-year follow-up study. Individuals (n ¼ 1002) with pain
and/or stiffness of hip and/or knee, age 45e65 years, and without
a previous visit or with a ﬁrst visit no longer than 6 months ago to
the general practitioner for these complaints were included. Indi-
viduals with pathological conditions other than OA explaining the
complaints and individuals with K&L-grade IV were excluded19.
The study procedures are in accordance with the standards of the
medical ethics committees of all 10 participating hospitals andwith
the Helsinki Declaration of 1975 (as revised in 2000), and all
participants gave their written informed consent.
Radiographic features baseline
Of both knees separately, standardized radiographs were
acquired20,21. The baseline (T0) radiographs of both knees were
evaluated for their predictive ability.
Radiographic parameters of knee OA were quantitatively
measured by use of Knee Images Digital Analysis (KIDA)22. Key
radiographic features were deﬁned for evaluation in the present
study, based on principal component analysis and on expert
opinion (AM/JB/FL). The ‘minimum JSW’ (in mm) was measured as
the smallest distance between femur and tibia. Also ‘medial JSW’
and ‘lateral JSW’ were determined by calculating the mean of four
predeﬁned locations (standardized, based on the joint dimen-
sions22). The angle between the femur and tibia in the frontal plane
was determined to represent the alignment of the joint (‘varusTable I
Deﬁnitions of OA development used as outcome in the different analyses
Radiographic OA
incidence K&L
Clinical OA
persistent pain
W
Inclusion of participants/knees
Criteria: at T0 painful knee, and. (n) K&L <II
(985 knees)
Only painful knee
(1060 knees)
Hi
(2
‘Poor’ outcome
Deﬁnition K&L II at T5y Painful at T4y&T5y Qu
% of participants/knees 19% 48% 54angle’ in degrees; positive value represents varus alignment).
‘Osteophyte area’ (in mm2) was determined by summing the
osteophyte area of the lateral and medial femur and tibia.
‘Eminence height’ was calculated as the sum of both eminences.
‘Bone density’ was determined as the mean of the bone density
determined in the lateral and medial femur and tibia. Bone density
was expressed in mmAl equivalents, by normalizing the grey
values of the subchondral bone region to those of an aluminium
reference wedge present on all radiographs22. The KIDA method is
a mathematical interactive software tool to analyze knee radio-
graphs and takes a few minutes per knee joint. Measurements
were performed by one experienced observer (ML) in random
order and blinded to any information (e.g., clinical characteristics).
The intra-observer variation tested by random reanalysis of 108
radiographs several months later, revealed good intra-observer
variability [intraclass correlation coefﬁcient (ICC) ¼ 0.73e0.99]
for the different features.
The number of analyzed knees varied for the different radio-
graphic features since KIDA measurement requires good radio-
graphic quality. E.g., measurement of varus angle and eminence
height was hampered in 10 (0.5% of 2004) knees, and osteophyte
area could not be thoroughly outlined in 31 knees (1.5%). Speciﬁ-
cally bone density measurement, which requires good contrast and
a clearly visible aluminium reference wedge, was not always
possible despite standardized procedures (28%). The baseline
characteristics were not signiﬁcantly different between partici-
pants without and with missing quality radiographs.
Radiographic OA at T0 was also assessed by the commonly used
K&L-grading. K&L-grades were determined without knowledge of
any other characteristics and reading was performed in pairs [T0
and 2-year follow-up (T2y)] to obtain a reliable grade for T0 (T2y
data not used in the present study).OA development
The development of OA from T0 to 5-year follow-up (T5y) was
classiﬁed as ‘poor’ outcome (incidence, persistence, or progression)
or ‘good’ outcome (no incidence, persistence, or progression) based
on radiographic and clinical evaluation. OA development was
evaluated in participants with complaints in at least one knee at
study inclusion. For the different deﬁnitions of OA development
separate analyses were performed with speciﬁc criteria for joint
and participant exclusion (Table I).
Radiographic OA: incidence
The incidence of radiographic OA (‘poor’ outcome) was deﬁned
on joint level (knees separately), as the development of a K&L-
grade II at T5y. Since knees needed to be susceptible for the
development of radiographic OA, knees with K&L-grade II at T0
were excluded for these analyses. For each knee the T5y radiograph
was graded according to K&L with the radiographs of T0 and T2y in
view. The T5y radiograph was scored in another scoring session
than the initial T0 grade, which was determined independently of
the T5y outcome to prevent information bias.OMAC pain WOMAC function
p: not painful and K&L <II
86 participants)
Hip: not painful and K&L <II
(279 participants)
intiles: highest 3/move higher at T5y Quintiles: highest 3/move higher at T5y
% 56%
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The development of ‘poor’ clinical outcome was evaluated on
joint level and on participant level. For the deﬁnition on joint level
all knee joints that were painful at T0 were used. The physician
assessed this during examination of joint motion, for the left and
right knee separately. Clinical persistence (‘poor’ outcome) was
deﬁned as still having a painful knee during physical examination
both at 4-year and at 5-year follow-up (T4y and T5y), and otherwise
the outcome was considered ‘good’.
On participant level, the Western Ontario & McMaster Univer-
sities Osteoarthritis index (WOMAC) pain score and function score
were used. For these analyses, confounding of the WOMAC scores
by hip involvement was prevented by excluding participants with
additional painful hip(s) and/or K&L-grade II of the hip(s) at T0.
WOMAC scores were standardized to a 0e100 scale with the
maximum score representing the worst condition. Because
WOMAC scores are recognized to be quite variable over time23, the
WOMAC ‘baseline’ value was calculated as the mean of T0 and T1y,
and the ‘follow-up’ score was calculated as the mean of T4y and
T5y. Development (and persistence) of WOMAC pain and function
values from ‘baseline’ to ‘follow-up’ was classiﬁed according to
Sharma et al. using a quintile approach24. The clinical progression
was deﬁned as ‘poor’ when participants moved to a higher quintile
or remained in the highest three quintiles, and the outcome was
deﬁned as ‘good’ when participants moved to a lower quintile or
remained in the lowest two quintiles.
Statistical analyses
Separate binary logistic regression analyses were performed
with ‘good’ (0) versus ‘poor’ (1) radiographic or clinical outcome as
dependent variable. The radiographic characteristics deﬁned as
separate key features (KIDA) or K&L-grade were used as indepen-
dent variables [for osteophyte area ‘log (osteophyte area þ 1)’ was
calculated to obtain a more normal distribution]. For analyses on
joint level (K&L and persistent pain outcome) the value of a knee
was used, and for analyses on participant level (WOMAC outcome)
the sum of the left and right knee was evaluated to represent the
total burden of disease.
Also, since radiographic characteristics might be dependent on
characteristics of an individual (e.g., larger individuals have larger
JSW and females have lower bone density), the difference-value
(difference between knee and contralateral knee) was used as
independent variable as well25.
Furthermore, gender, age, BMI, and erythrocyte sedimentation
rate (ESR in mm/h), were added as independent variables. The
latter was included because this parameter is frequently deter-
mined in this early stage of OA to exclude arthritic conditions. Also,
dependent on the clinical outcome (persistence or progression),
overall pain intensity (0e10 scale), WOMAC pain score, or WOMAC
function score at baseline was added as independent variable.
Univariate and multivariate regression analyses were per-
formed. In the multivariate analyses all variables were initially
included and variables were removed manually using a backward
stepwise selection procedure. Variables that were either statisti-
cally signiﬁcantly (P 0.05) related to the outcome or that changed
the regression coefﬁcient for one of the radiographic characteristics
with >10% (confounding variables) were kept in the ﬁnal model.
The approach aimed at representing clinical practice when
a patient visits a physician with the ﬁrst OA related symptoms
analyzing whether radiographic characteristics (separate features
or K&L-grade), next to the assessment of basic demographic and
clinical characteristics, add to decision-making.
To evaluate the ﬁt of the ﬁnal models, HosmereLemeshow tests
were performed. Prognostic ability of the models was summarizedusing the area under curve (AUC) of the receiver operating char-
acteristic (ROC). The AUCeROC provides a measure for the ability to
discriminate between ‘good’ and ‘poor’ outcome, where an
AUCeROC<0.70 was regarded as poor, 0.70e0.80 as fair, 0.80e0.90
as good, and 0.90 as excellent26.
When the discriminative ability of the models was considered
fair to good, also the sensitivity, speciﬁcity, and positive and
negative predictive values (PPV and NPV) were calculated as
prognostic statistics for different cut-off values. Therefore, the
regression coefﬁcients were corrected for over-ﬁtting using the
method of van Houwelingen and LeCessie27 and the regression
function was converted into a simple predictive score. Analyses
were performed using SPSS 15.0, P-value 0.05 was considered
statistically signiﬁcant.
Results
Baseline characteristics
Of 1002 CHECK participants, 829 had pain in the knee(s) at study
inclusion (1294 painful knees). Radiographs of good quality were
available of 1060 (of the 1294) knee joints for analyses of persistent
pain. Of these, data of 985 knees with K&L-grade <II at T0 were
available for analyses of radiographic incidence. For analyses of
WOMAC progression (participant level), data were available of 286
(WOMAC pain) and 279 (WOMAC function) participants with no
hip affection at T0.
Table II depicts demographic and clinical as well as radiographic
characteristics at T0 of the respective datasets, separately for the
participants with ‘good’ and ‘poor’ radiographic and clinical
outcome. Incidence of radiographic OA was observed in 189 of 985
knees (19% ‘poor’ outcome: K&L-grade II at T5y). Persistent knee
pain was observed in 509 of 1060 knees (48% ‘poor’ outcome).
Clinical progression (‘poor’ outcome according to quintile approach)
was observed in 155 of 286 (54%) and 155 (56%) of 279 participants
evaluated for WOMAC pain and WOMAC function, respectively.
Predictors OA development
Radiographic OA: incidence
Table III depicts results of univariate andmultivariate regression
analyses with incidence of radiographic OA as dependent variable
(K&L-grade II at T5y). Odds ratios (ORs) with 95% conﬁdence
interval (95%CI) and statistical signiﬁcance (P) are depicted for the
independent variables determined at T0. For the multivariate
models the AUCeROC is depicted.
For the multivariate models the ﬁt was adequate
(HosmereLemeshow tests: P > 0.05). The prognostic ability was
clearly improved when radiographic characteristics were added to
demographic and clinical characteristics. For the multivariate
models using demographic and clinical characteristics, separate
features, and K&L-grading as independent variables, data of
respectively 965, 904, and 955 (of 985) knees were available. The
model with basic demographic and clinical variables only revealed
that female gender and higher BMI were statistically signiﬁcant
predictors of incidence of radiographic OA, which is in accordance
with the literature10e12. Prognostic ability of this model was
considered poor26: AUCeROC ¼ 0.64 (95%CI: 0.59e0.68,
P < 0.0001). When key radiographic features obtained at T0 were
added to the model the ability to predict radiographic outcome at
T5y improved (AUCeROC ¼ 0.74, 95%CI: 0.69e0.78, P < 0.0001),
resulting in fair prognostic ability. This AUCeROC was statistically
signiﬁcantly higher than the AUCeROC of the model with demo-
graphics and clinical variables only (P ¼ 0.007), as evaluated
according to Hanley and McNeil28 (in participants with complete
Table II
Demographic, clinical and radiographic characteristics at T0
K&L (joint) Persistent pain (joint) WOMAC pain (pp) WOMAC function (pp)
‘Good’ ‘Poor’ ‘Good’ ‘Poor’ ‘Good’ ‘Poor’ ‘Good’ ‘Poor’
n participants (k) 520 (796) 133 (189) 346 (551) 334 (509) 131 155 124 155
Age in years 56 (5) 56 (5) 56 (5) 56 (5) 56 (5) 56 (5) 56 (5) 56 (5)
Female gender 78% 86% 82% 80% 75% 81% 73% 83%
BMI in kg/m2 25 [23e28] 27 [24e31] 25 [23e28] 26 [24e29] 25 [23e27] 26 [24e29] 25 [23e27] 26 [24e29]
ESR in mm/hour 8 [5e14] 8 [5e14] 8 [5e14] 8 [5e14] 7 [4e11] 8 [5e14] 6 [4e11] 9 [5e15]
Pain intensity 3 [2e5] 4 [2e5] 3 [2e5] 4 [2e5] 3 [2e4] 3 [2e5] 3 [2e5] 4 [2e5]
WOMAC pain 20 [10e35] 25 [15e40] 20 [10e35] 25 [15e40] 20 [9e30] 20 [10e35] 15 [10e30] 20 [10e31]
WOMAC function 19 [9e34] 24 [13e38] 18 [10e31] 25 [13e38] 13 [6e25] 21 [10e32] 13 [6e27] 20 [10e32]
K&L-grade II 0% 0% 2.5% 4.6% 3.2% 4.2% 3.0% 4.5%
Radiographic features
Minimum JSW 3.07 (1.13) 2.65 (1.41) 3.04 (1.19) 2.85 (1.28) 2.99 (1.25) 2.99 (1.26) 3.14 (1.24) 2.84 (1.25)
Medial JSW 4.80 (0.87) 4.49 (1.12) 4.74 (0.90) 4.65 (1.02) 4.59 (1.04) 4.75 (1.08) 4.79 (1.09) 4.57 (1.03)
Lateral JSW 6.07 (1.37) 6.24 (1.48) 6.09 (1.33) 6.01 (1.41) 6.10 (1.36) 6.13 (1.39) 6.15 (1.26) 6.11 (1.46)
Varus angle 1.68 (1.70) 2.32 (2.03) 1.78 (1.77) 1.79 (1.83) 1.98 (1.89) 1.83 (1.97) 1.81 (1.90) 2.02 (1.94)
Osteophyte 5.20 (4.85) 10.21 (9.09) 5.76 (5.58) 7.24 (7.60) 6.97 (7.31) 7.55 (6.85) 6.83 (6.20) 7.75 (7.69)
Eminence 22.7 (3.1) 23.2 (3.1) 22.8 (3.0) 22.8 (3.2) 22.6 (3.1) 22.8 (3.3) 22.7 (3.1) 22.7 (3.2)
Bone density 24.5 (6.1) 26.1 (6.2) 24.5 (5.6) 25.0 (6.4) 25.2 (6.5) 24.3 (6.4) 25.4 (6.3) 24.2 (6.5)
(Joint): deﬁned at joint level, (pp): deﬁned at participant level, (k): n knees, mean (standard deviation) or median [25e75th percentile] depicted, bold: signiﬁcant difference
between participants with ‘good’ and ‘poor’ outcome.
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minimum JSW (OR ¼ 0.74) and those with larger osteophyte area
(OR ¼ 6.97) were more likely to have incident radiographic OA
(‘poor’ outcome). Also the K&L-grade (0 or I) at T0 added to clinical
and demographic variables as a predictor for incidence of radio-
graphic OA at T5y (OR ¼ 4.74). This model had (borderline) fair
prognostic ability with AUCeROC of 0.70 (95%CI: 0.66e0.74,
P < 0.0001), not statistically signiﬁcantly different from the
model with demographics only.Table III
Regression analyses with radiographic OA (K&L-grade II) as dependent variable
Univariate Multiva
OR (95%CI) P
Demographic & clinical Demog
Age 1.03 (1.00e1.06) 0.10
Female gender 1.73 (1.10e2.72) 0.02 Female
BMI 1.10 (1.06e1.14) <0.0001 BMI
ESR 1.00 (0.98e1.02) 0.76
Pain intensity 1.08 (1.00e1.16) 0.05
Radiographic Radiog
Key feature Key fea
Minimum JSW 0.75 (0.66e0.86) <0.0001 Minimu
Medial JSW 0.67 (0.57e0.83) <0.0001
Lateral JSW 1.09 (0.97e1.22) 0.15
Varus angle 1.22 (1.11e1.33) <0.0001
Osteophyte 6.30 (3.82e10.4) <0.0001 Osteoph
Eminence 1.06 (1.00e1.12) 0.03
Bone density 1.04 (1.01e1.08) 0.02
Key feature diff
Minimum JSW 0.90 (0.74e7.08) 0.25
Medial JSW 0.97 (0.84e1.12) 0.67
Lateral JSW 0.86 (0.66e1.11) 0.86
Varus angle 1.03 (0.94e1.14) 0.59
Osteophyte 1.83 (1.17e2.86) 0.009
Eminence 0.98 (0.91e1.07) 0.70
Bone density 1.01 (0.92e1.11) 0.76
Female
BMI
K&L (d
K&L-grade 3.54 (2.46e5.07) <0.0001 K&L-gr
K&L diff 0.86 (0.62e1.20) 0.38 K&L dif
Female
BMI
P: signiﬁcance level; AUCeROC: area under the receiver operating characteristic curve;
models: demographic & clinical, and key feature and K&L-grade in addition to demograpTo evaluate whether the quantitative measurement of radio-
graphic features can be applied in clinical practice, to identify
individuals that are more likely to develop radiographic OA 5 years
later, a simpliﬁed predictive score was calculated. The predictive
score was based on the shrunken (shrinkage factor 0.98) and
rounded regression coefﬁcients (not the ORs as presented in the
table) of the ﬁnal logistic regression model including the key
features of radiographic damage and demographic and clinical
variables as: 0.5  minimum JSW þ 2  [log (osteophyteriate
OR (95%CI) P AUCeROC
raphic & clinical 0.64*
gender 1.68 (1.06e2.66) 0.03
1.10 (1.06e1.14) <0.0001
raphic feature (demographic & clinical)
ture 0.74*
m JSW 0.74 (0.64e0.85) <0.0001
yte 6.97 (4.11e11.8) <0.0001
gender 1.99 (1.20e3.31) 0.008
1.09 (1.05e1.14) <0.0001
emographic & clinical)
ade 4.74 (3.13e7.19) <0.0001 0.70
f 0.56 (0.40e0.78) 0.001
gender 1.90 (1.17e3.08) 0.009
1.09 (1.05e1.13) <0.0001
diff: difference-value, note: female gender and BMI depicted for three multivariate
hic & clinical; *statistically signiﬁcantly different.
Table IV
Ability to predict radiographic incidence for three cut-off points of predictive score
Cut-off 2.50 3.65 4.60
Sensitivity 93% 66% 38%
Speciﬁcity 23% 66% 92%
PPV 23% 32% 54%
NPV 93% 89% 86%
PPV: positive predictive value, NPV: negative predictive value.
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three cut-off points were evaluated for predictive ability: predic-
tive score >2.50 (optimal sensitivity), score >3.65 (optimal trade-
off between sensitivity and speciﬁcity), and score >4.60 (optimal
speciﬁcity). Table IV shows sensitivity, speciﬁcity, PPV, and NPV for
these cut-offs.
Using the predictive score the AUCeROC was 0.73 (95%CI:
0.69e0.77, P < 0.0001) and the mean value was 3.44  1.13
[0.00e7.19]. When the predictive score was larger than 4.60 (e.g.,
a female with BMI of 30 kg/m2, minimum JSW of 1.90 mm, and
osteophyte area of 5.00 mm2) the chance of incident radiographic OA
at T5y was 54% (PPV), which was evidently larger than the incidence
of radiographic OA in 19% of all knees (prior probability; 189 of 985
knees had ‘poor’ outcome). The chance of not developing radio-
graphic OA (NPV)was 93% instead of 81% (prior probability) when the
predictive scorewas 2.50 or lower (e.g., a femalewith BMI of 30 kg/m2,
minimum JSW of 3.00 mm and osteophyte area of 0.00 mm2).
Clinical OA: persistence
Table V summarizes results of regression analyses on persistent
knee pain. The difference-values of the radiographic characteristics
(knee e contralateral knee) are not depicted since none of these
variables were signiﬁcant predictors of this outcome in univariate
and multivariate analyses.
The predictive value (OR) of radiographic characteristics was
smaller for persistent knee pain outcome than for radiographic
outcome in univariate and multivariate analyses. Of the partici-
pants with radiographic OA at T5y, 53% also had persistent pain
(95 of 179). And of the participants with persistent pain, 22% had
radiographic OA at T5y.Table V
Regression analyses with persistent knee pain as dependent variable
Univariate Multiva
OR (95%CI) P
Demographic & clinical Demog
Age 0.97 (0.95e1.00) 0.03
Gender 0.99 (0.73e1.35) 0.95
BMI 1.03 (1.00e1.06) 0.03
ESR 1.00 (0.98e1.01) 0.58
Pain intensity 1.15 (1.08e1.22) <0.0001 Pain int
Radiographic Radiog
Key feature Key fea
Minimum JSW 0.88 (0.80e0.98) 0.02 Minimu
Medial JSW 0.91 (0.80e1.04) 0.16
Lateral JSW 0.96 (0.88e1.05) 0.37
Varus angle 1.00 (0.94e1.08) 0.90
Osteophyte 1.48 (1.09e2.02) 0.01 Osteoph
Eminence 1.01 (0.97e1.05) 0.73
Bone density 1.02 (0.99e1.04) 0.21
Age
Pain int
K&L (d
K&L-grade 1.42 (1.12e1.82) 0.004 K&L-gr
Age
Pain int
P: signiﬁcance level; AUCeROC: area under the receiver operating characteristic curve; n
clinical, and key feature and K&L-grade in addition to demographic & clinical.HosmereLemeshow tests showed adequate ﬁt for the ﬁnal
models with radiographic characteristics (KIDA and K&L:
P > 0.05), but lack of ﬁt for the model with demographics only
(P ¼ 0.01).
The multivariate models all implied poor prognostic ability. The
model with demographic and clinical characteristics only (n¼ 1035
of 1060 knees) had AUCeROC 0.58 (95%CI: 0.54e0.61, P < 0.001).
Adding radiographic variables hardly improved the ability to
predict pain persistence: AUCeROC ¼ 0.60 (95%CI: 0.56e0.64,
P < 0.001) for the separate radiographic features (n ¼ 957 knees)
and AUCeROC ¼ 0.60 (95%CI: 0.56e0.63, P < 0.01) for K&L-grade
(n ¼ 970 knees).
Clinical OA: progression
Tables VIA and VIB depict results of regression analyses with
WOMAC pain and function outcome as dependent variable,
respectively. The multivariate model with demographics and clin-
ical characteristics (n ¼ 282 and 267 participants, respectively) had
AUCeROC of 0.59 (95%CI: 0.52e0.66, P < 0.01) and 0.63 (95%CI:
0.56e0.70, P < 0.001), respectively. Adding radiographic features
slightly improved the prediction of WOMAC pain and function
development [AUCeROC ¼ 0.62 (95%CI: 0.55e0.68, P < 0.001) and
0.65 (95%CI:0.58e0.71, P < 0.001), for pain and function, respec-
tively]. Interestingly, in the multivariate model for WOMAC pain
the difference-value (between contralateral knees) of eminence
height was a signiﬁcant predictor of ‘poor’ outcome. When adding
K&L-grade (difference) to demographics and clinical variables
comparable poor predictive abilities were found.
HosmereLemeshow tests revealed adequate ﬁt for all multi-
variate models with WOMAC outcome. For the clinical outcomes,
the AUCeROC was not statistically signiﬁcantly different between
the multivariate models [e.g., model with demographics and clin-
ical variables only versus model where radiographic variables
(features or K&L-grade) were added].
For the analyses on participant level a portion of the individuals
contributed with both knees to the regression analyses. To account
for this dependency generalized estimating equations (GEE) were
performed, which resulted in (nearly) the same OR and P-values as
the regression analyses.riate
OR (95%CI) P AUCeROC
raphic & clinical 0.58
ensity 1.15 (1.08e1.22) <0.0001
raphic feature (demographic & clinical)
ture 0.60
m JSW 0.88 (0.79e0.97) 0.01
yte 1.54 (1.12e2.13) 0.008
0.97 (0.94e0.99) 0.01
ensity 1.13 (1.06e1.20) 0.0002
emographic & clinical)
ade 1.47 (1.14e1.88) 0.002 0.60
0.97 (0.95e1.00) <0.0001
ensity 1.13 (1.07e1.21) 0.04
ote: pain intensity (and age) depicted for three multivariate models: demographic &
Table VIA
Regression analyses with WOMAC pain outcome as dependent variable
Univariate Multivariate
OR (95%CI) P OR (95%CI) P AUCeROC
Demographic & clinical Demographic & clinical 0.59
Age 0.96 (0.92e1.01) 0.13
Female gender 1.40 (0.80e2.46) 0.24
BMI 1.09 (1.02e1.17) 0.01 BMI 1.09 (1.02e1.17) 0.01
ESR 1.05 (1.01e1.09) 0.02
WOMAC pain 1.02 (1.00e1.03) 0.02
Radiographic Radiographic feature (demographic & clinical)
Key feature Key feature 0.62
Minimum JSW 0.98 (0.88e1.09) 0.77
Medial JSW 1.09 (0.97e1.23) 0.16
Lateral JSW 1.01 (0.92e1.11) 0.82
Varus angle 0.97 (0.91e1.04) 0.46
Osteophyte 1.37 (0.76e2.46) 0.29
Eminence 1.01 (0.97e1.05) 0.55
Bone density 0.99 (0.97e1.01) 0.24
Key feature abs diff Key feature abs diff
Minimum JSW 1.13 (0.82e1.57) 0.45
Medial JSW 1.05 (0.69e1.60) 0.81
Lateral JSW 0.94 (0.73e1.21) 0.64
Varus angle 0.94 (0.80e1.11) 0.49
Osteophyte 1.44 (0.75e2.74) 0.28
Eminence 0.86 (0.73e1.03) 0.10 Eminence 0.81 (0.67e0.98) 0.03
Bone density 0.99 (0.86e1.13) 0.89
ESR 1.05 (1.01e1.09) 0.02
WOMAC pain 1.02 (1.00e1.03) 0.05
K&L-grade 0.97 (0.76e1.25) 0.83 K&L (demographic & clinical)
K&L abs diff 0.53 (0.29e0.98) 0.04 K&L abs diff 0.46 (0.24e0.87) 0.02 0.63
ESR 1.05 (1.01e1.09) 0.03
WOMAC pain 1.02 (1.00e1.04) 0.03
P: signiﬁcance level; AUCeROC: area under the receiver operating characteristic curve; abs diff: absolute difference; note: ESR andWOMAC pain depicted for twomultivariate
models: key feature and K&L-grade in addition to demographic & clinical.
Table VIB
Regression analyses with WOMAC function outcome as dependent variable
Univariate Multivariate
OR (95%CI) P OR (95%CI) P AUCeROC
Demographic & clinical Demographic & clinical 0.63
Age 1.01 (0.96e1.06) 0.74
Female gender 1.79 (1.01e3.18) 0.05
BMI 1.09 (1.02e1.16) 0.02
ESR 1.06 (1.02e1.11) 0.002 ESR 1.05 (1.01e1.10) 0.01
WOMAC function 1.02 (1.00e1.04) 0.01 WOMAC function 1.02 (1.00e1.04) 0.02
Radiographic Radiographic feature (demographic & clinical)
Feature Feature 0.65
Minimum JSW 0.89 (0.80e0.99) 0.03 Minimum JSW 0.89 (0.80e0.99) 0.04
Medial JSW 0.89 (0.79e1.01) 0.07
Lateral JSW 0.99 (0.90e1.09) 0.79
Varus angle 1.04 (0.97e1.11) 0.31
Osteophyte 1.31 (0.72e2.38) 0.38
Eminence 1.00 (0.96e1.04) 0.83
Bone density 0.99 (0.97e1.00) 0.10
Feature abs diff Feature abs diff
Minimum JSW 1.04 (0.75e1.45) 0.82
Medial JSW 1.18 (0.75e1.86) 0.47
Lateral JSW 1.00 (0.77e1.29) 0.97
Varus angle 1.02 (0.87e1.23) 0.75
Osteophyte 1.95 (1.00e3.82) 0.05
Eminence 0.91 (0.76e1.08) 0.27
Bone density 0.96 (0.83e1.10) 0.54
ESR 1.05 (1.01e1.09) 0.02
WOMAC function 1.02 (1.00e1.04) 0.02
K&L-grade 1.10 (0.85e1.42) 0.46
K&L abs diff 0.71 (0.39e1.30) 0.71
P: signiﬁcance level; AUCeROC: area under the receiver operating characteristic curve; abs diff: absolute difference; note: ESR andWOMAC pain depicted for the multivariate
models with radiographic features in addition to demographic & clinical.
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In individuals that presented themselves with very early
complaints related to knee OA, evaluation of radiographic charac-
teristics added to the prediction of incident radiographic OA 5 years
later. The evaluation of separate quantitative features performed
better in this respect than a simple K&L-grade. Radiographic char-
acteristics hardly added to the prediction of persistence and/or
progression of clinical OA, and total predictive ability of these
models was too low for use in practice.
The additional value of radiographic characteristics in the
prediction of radiographic progression has been described for more
advanced OA (e.g., K&L-grade II)14,29e31. And in a recent review
also radiographic features, varus alignment, age, and BMI32 were
identiﬁed as predictors for OA progression later in disease. This is
the ﬁrst study however to demonstrate that quantitative radio-
graphic features, identiﬁed in individuals that present themselves
with knee pain but without radiographic damage (K&L-grade <II),
can add to the prediction of incident radiographic OA within
5 years.
The ﬁnding that radiographic characteristics were of additional
value in the prediction of radiographic outcome, but hardly in the
prediction of clinical outcome18,32 is in accordance with the
commonly reported inconsistent association between radiographic
and clinical characteristics of OA8,33. Even when structural damage
was evaluated with magnetic resonance imaging, only a weak
correlation between change in WOMAC score and cartilage thick-
ness was found34.
In the present study basic demographics together with clinical
characteristics poorly predicted clinical outcome (persistence and/
or development). This limited predictive ability for clinical outcome
might be explained by the subjective nature of these outcomes. A
limited set of variables that was commonly used in patient carewas
chosen for analyses, based on undemanding application in clinical
practice.
Despite the limited severity and development of complaints in
this very early OA cohort, the quintile approach24 discriminated
participants with ‘good’ and ‘poor’ outcome with signiﬁcantly
different scores at T5y. TheWOMAC function scorewas 6 [1e12] for
participants with ‘good’ and 29 [19e41] for participants with ‘poor’
outcome, and the WOMAC pain score was 8 [5e15] for those with
‘good’ outcome and 28 [20e40] for those with ‘poor’ outcome.
Irrespectively, speciﬁcally these individuals [at risk of developing
(radiographic) OA] present themselves with complaints for the ﬁrst
time. And although at that time radiography (and demographic and
clinical characteristics) can hardly predict clinical outcome, speciﬁc
key features obtained with KIDA measurement signiﬁcantly add to
the prediction of radiographic outcome.
The fact that WOMAC outcomes were measured on participant
level, contrary to the radiographic outcome on joint level, might
also in part explain the limited predictive ability of radiographic
characteristics for this clinical outcome. The sum of the radio-
graphic characteristics might be more appropriate to detect an
association with clinical outcome in case of (more severe) bilateral
OA, when the radiographic characteristics are expected to be more
pronounced. In case of (milder) unilateral OA, as will be the case
when individuals present themselves for the ﬁrst time with
complaints, the sum of one unaffected and one (slightly) affected
joint might underestimate radiographic severity and the difference
between the knees might be more appropriate25. In general
however, in our study difference-values between both knee joints
in the radiographic characteristics did not appear better in pre-
dicting the incidence of radiographic OA or the persistence or
progression of clinical OA. Surprisingly, the difference-values
between both knees in eminence height and in K&L-grade werefound to be predictors of WOMAC pain outcome, while the sum of
the measured values was not signiﬁcantly associated with this
outcome. The ORswere low however, andmoreover both OR’s were
smaller than 1which implies that a larger difference between joints
is protective for ‘poor’ outcome in contrast to our hypothesis.
However, the predictive ability of the models (AUCeROC) was poor
indicating that predicting WOMAC outcome is difﬁcult either with
or without radiographic features.
The separate key features that were identiﬁed as additional
predictors for incidence of radiographic OA and for clinical persis-
tence were minimum JSW and osteophyte area. These separate
features measured quantitatively using KIDA are also the most
important characteristics in K&L-grading. This explains why also
K&L-grading added to demographics and clinical variables in pre-
dicting radiographic incidence of OA. When all radiographic vari-
ables (minimum JSW, osteophyte area and K&L-grading) were
added in logistic regression analysis, these were all signiﬁcant
predictors and predictive ability was even slightly higher than for
KIDA variables and K&L-grading separately (AUCeROC ¼ 0.76).
Since OR was strongest for osteophyte area (5.02), measuring
separate features is of value in addition to demographic and clinical
characteristics (and K&L-grading). Also, since the KIDA predictors
performed better than K&L-grading in this cohort, measuring
separate radiographic features might improve the detection
of radiographic OA earlier in the disease process. This was sup-
ported by the detection of joint space narrowing and osteophyte
formation when qualitatively evaluating separate parameters by
the Altman atlas35, with larger AUCeROC than K&L-grade (0.76,
data not shown).
Next to the advantage of evaluation of separate key features of
joint damage, KIDA measurement uses a mathematical approach
and is performed without any knowledge of the knee and the
individual. Intra-observer variation of KIDA was low22,25, however
variation in the measurements might occur during image acqui-
sition. Despite optimal standardization36 the position of the tibial
plateau is subject to variation37, which decreases comparability
between and within individuals. Due to such variations, the
additional value of KIDA might be underestimated in the present
study, and might be improved when reproducibility of radio-
graphic acquisition is further optimized in clinical trials. Also the
method of measuring the different joint characteristics might be
optimized by comparison with other available techniques, such as
different methods for varus angle measurement with small
minimal detectable differences38. Further, the predictive ability of
K&L-grading might be overestimated since in the present study
the deﬁnition of K&L-grade at T0 was determined with knowledge
of the K&L-grade at T2y (although not at T5y, this might be
regarded a ‘proxy’ and as such the T0 measurement can not be
regarded fully blinded like the KIDA measurements). This is of
course also contrary to clinical practice when individuals present
themselves with joint pain related to OA, and a choice on treat-
ment (or on inclusion in a trial) is preferably made within a short
time span, without waiting for a second radiograph 1 or 2 years
later.
By use of the predictive scores (based on separate features)
a subgroup of individuals was distinguishedwith a higher chance of
onset of radiographic OA (54% compared to incidence of 19%).
Although this chance is too low for decision-making at the indi-
vidual level, identifying this group might advance the design of OA
trials39 for the development of more speciﬁc (disease modifying)
treatment strategies40. The predictive score and cut-off values as
determined in this study need internal and external validation
before used in (clinical) practice. Also the ﬁt of the models might be
improved by investigating for instance different transformations of
the predictors.
M.B. Kinds et al. / Osteoarthritis and Cartilage 20 (2012) 548e556 555In conclusion, the prediction of incidence of radiographic OA
improves from poor to fair when quantitative radiographic features
are evaluated, in addition to basic demographics and clinical
assessment, in individuals that visit a physician with early
complaints possibly related to OA. Therefore the measurement of
separate features might be valuable in identifying individuals at
high risk of developing radiographic OA.
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